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Abstract

A device for calibrating calorimeter test rooms was evaluated by installing it

on a test room calorimeter of small, known thermal transmittance which

contained electric heaters capable of providing varying metered heat loads.

The calibration device was evaluated only for its ability to measure heat

load. The calorimeter instrianentation is described in detail. The calibration

device is described primarily by reference.

Key Words: Air conditioning; calorimeters; room air conditioners; test

methods; test rooms
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1 , Introduction

The objective of this project was to evaluate a device for calibration of room

air conditioner calorimeters (calorimeter test rooms) as described in [IJ.

Evaluation was limited to determination of whether the calibration device had

met its design goal of measuring its cooling capacity with an accuracy of

±1 / 2%.

This evaluation was performed by installing the calorimeter calibration device

on a calorimeter of small, known thermal transmittance and providing metered

p electric resistance heat within the calorimeter to match cooling capacities of

several different levels provided by the calibration device.

Because of time limitations, tests were run only at five points ranging from 8250

Btu/hr (2.42 kW) to 29,000 Btu/hr (8.50 kW) which were selected by Kansas

I

State University (KSU), the builders of the tested calibration device, to be

' representative of the design operating range of 4000 Btu/hr (1.17 kW) to

I 34,000 (9.96 kW) Btu/hr. Hxnnidity was supplied within the calorimeter

(nominal 80"F (26 .7 "O dry bulb, 67 "F (19.4‘’C) wet bulb) for the first three

tests. The last two tests were performed without humidity addition.

The calorimeter instrumentation, operation, data recording and data reduction

were performed by National Bureau of Standards (NBS) personnel. Installation

on the calorimeter, operation, data recording and data reduction for the

calibration device were performed by KSU personnel.
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2. Description of Calorimeter Calibration Device

The calorimeter calibration device is described in detail in t3J, [4J, [ 5J and

[6J« A sketch of the device is shown in figure 1. Briefly, the device

functions by circulating refrigerated brine through two parallel circuits, one

which cools the calorimeter being calibrated and the other which passes over

metered electric resistance heaters. The power of the metered electric

heaters is controlled so that when the two parallel circuits join they are at

the same temperature. The flow rate in each of the parallel circuits is

measured by piston type volumetric flow meters. The net cooling done by the

coil in the calorimeter is calculated as;

- P
f

where

;

^ = Net cooling performed by coil in the calorimeter, W

Pg = Air circulating fan power within the calorimeter, W

P^ = Power to the electric resistance heaters in the comparison circuit, W

V = Volumetric flow rate of brine through the cooling coil in the

calorimeter, m^/

s

Vh = Volumetric flow rate of brine through the comparison electric

3resistance heater circuit, m /s.

Latent capacity was measured by condensate collection.

No secondary rest method was employed as a check on the primary test method

measurement ot either total, sensible, or latent capacity. A "check" circuit

2



is provided which allows the passing of the cooling brine over a metered

electric resistance heater instead of through the calorimeter cooling heat

exchanger

.

The heat flow meter secondary test method described in t5] was not used

during these tests.

3



Figure It Schematic Diagram of KSU Calorimeter Calibration Device
Enthalpy Loop (Nomenclature Pertains to Reference 6)
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3. Description of Calorimeter and Instrumentation

j

The insulated box used as a calorimeter for these tests had previously been

received at NBS for use in another project and was a nominal 10 foot (3 m)

intermodal thermal van container [7] designed for transporting frozen food.

The walls of the calorimeter were insulated with 4 inches (100 mm) of foamed-

in-place polyurethane insulation. The interior dimensions were 87 inches (2.2

m) wide by 81 inches (2.1 m) high by 89 inches (2.3 m) deep. The calorimeter

! was installed in an environmental test chamber capable of separately

controlling the surrounding ambient temperature and humidity. The calorimeter

was supported on four 11-3/8 inch (290 mm) blocks placed at each corner to

allow air circulation beneath it. The calorimeter was instrumented with

j

thermocouples located at each internal corner, 6 inches (150 mm) from each

I

intersecting wall and at each external corner 8 inches (200 mm) distant from

I the corner. An insulated plug was installed in the opening intended for a

I

refrigeration unit. All wires and pipes needed for these tests were run

through this plug.

Electric heaters were installed in the calorimeter to provide varying degrees

of load to the calorimeter calibration device. These heaters were divided

I
into base heaters on one watt hour meter in steps of 1,5 kW, 3 kW and 4 kW and

a variable heater of 1.3 kW on a separate watt hour meter. Power was supplied

to the variable heater by a silicon controlled rectifier (SCR) circuit

controlled by a single pen recorder/controller capable of being set to provide

either a fixed heat input to the calorimeter or to automatically vary the heat

input to obtain a set temperature. The SCR power controller was designed to

drop out complete alternating current cycles by switching at zero voltage to

minimize radio interference and maintain a sine wave shape to the power cycles

5



so as to allow accurate power measurement with conventional instruments.

Humidifiers were placed inside the calorimeter to provide a latent load

for some tests of the calorimeter calibration device. They were mounted on

load cells to provide measurement of their water evaporation rate. The

hximidifiers held sufficient water to eliminate the need for refilling during a

test

.

Energy to the humidifiers, a circulating fan, and a motorized psychrometer was

measured by a 110 volt watthour meter. Energy measurements were converted to

powers by division by the test duration before reporting in the tables and

figures of this report.
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I

.1 4. Thermal Transmittance and Air Leakage Tests of the NBS Calorimeter
i

dj The tests described in this section are calibration tests of the NBS

i

j calorimeter, not tests of the KSU calorimeter calibration device.

f The thermal transmittance test was performed using the reverse heat loss

method in which the calorimeter interior temperature is raised above the

! laboratory ambient temperature by automatically controlled, metered, electric

!

resistance heaters. Thermal conditions were allowed to stablize for 24 hours

i

prior to a 23 hour data collection period. The test data and results are

summarized in Table 1.

Table 1

Thermal Transmittance Tests of Calorimeter

Average Interior Temp,, "FC^C) 104,6 (40.3)

Average Ambient Temp., °F(®C) 36,4 (2.4)

Thermal Transmittance, Btu/hr ®F(W/K) 29.71 (15.67)
Temperature Differential, “F (K) 68.2 (37.9)
Mean Wall Temperature, "FC^C) 70.5 (21.4)

This measured thermal transmittance is 28% greater than that measured 10 years

previously at NBS when the calorimeter was new. This level of degradation is

high, but not unreasonable, for foamed-in-place polyurethane 12J.

The calorimeter isothermal air leakage was measured at three pressure differ-

entials. For these tests the calorimeter interior was pressurized using the

NBS laboratory compressed air supply. Air flow rate measurements were made

O
using a 10 cubic foot (0.283m ^ per revolution dry gas meter in series in the

air supply. The interior-exterior pressure differential was measured using a

micromanometer. All reported tests were performed with the calorimeter door

taped to reduce the leakage around the door gasket. The test results are

7



listed in Table 2 and plotted for comparison to previous tests in figure 2,

Table 2

Calorimeter Air Leakage Test Results

Interior-Exterior
Pressure Differential,

In. W.G, (Pa)

Air Leakage Rate
SCFM (£/s)

0,050 (12)

0.198 (49)

0,899 (224)

0,80 (0.38)
2.29 (1.08)
6,83 (3.22)

The air leakage can be seen in figure 1 to be unchanged from its original

value measured at NBS shortly after manufacture of the calorimeter.

The measured thermal transmittance value was used in data analysis of the KSD

calorimeter calibration device without any adjustment for air leakage or mean

wall temperature. No adjustment for air leakage could be made since the

calorimeter calibration device tests were conducted at nearly isothermal

conditions causing any air leakage to be a result of internal fan placement or

of humidity gradient, neither of which allow easy quantitative estimation of

infiltration. The air leakage tests do make possible the qualitative

statement that the calorimeter had retained a high level of air tightness

(adequate for frozen food transport and storage [7]). If the mean wall

temperature correction curve that had been determined when the calorimeter was

new still applied, then the thermal transmittance would have been increased by

1,1 %

It should be noted that because of the nearly isothermal conditions at which

tests of the calorimeter calibration device were performed, the calorimeter

thermal transmittance heat gain made up a very small percentage of the total

heat gain. At its greatest (Test No. 5) it was only 0,02% of the total.
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5 . Watt Hour Meter Calibrations and Line Loss

A standard watt hour meter was used to calibrate the test watt hour meters

used by NBS for measuring the base heater energy, variable heater circuit

energy and 110 volt circuit energy supplied to the calorimeter during the KSU

calorimeter calibration device tests. Some of these watt hour meter

calibrations were performed during tests of the calorimeter calibration device

and some afterward at power levels of particular interest. After the test

meter calibrations had been completed the standard watt hour meter was

calibrated at points near those used for the test meter calibrations by the

Applied Electrical Measurements Group within the NBS Power and Energy

Laboratory. The standard watt hour meter was calibrated at 8 points with an

error ranging from 100.17% to 99.81% registration with an uncertainty of

”0.06 5% or less. After these calibrations had been performed, calibration

factors were calculated for the test watt hour meters as listed in Table 3.

Table 3

Test Watthour Meter Calibrations
(without line losses)

Watt Hour Meter Correction Factor

Base Heat 1 .00640-(kW*0. 00133)
Variable Heat 1 .0080

110 Circuit 1.0006

The test watt hour meters were not designed for installation of remote voltage

taps. Therefore, after the tests of the KSU calorimeter calibration device

had been completed, measurements were made of the voltage drop between the

watt hour meters and the calorimeter at the test power levels. Since the

current is the same through the load and its supply lines, the ratio between

the power consumed by the load and that measured at the meter is equal to the

ratio of the voltage measured at the load to that measured at the meter and



also to the ratio of the load resistance to the total resistance (load +

lines)

,

A constant line loss correction of 1.46% was applied to the variable heat

(i.e., % loss = Wh*0.0146). This degree of loss was measured with the

variable heat manually set to 100% causing the SCR circuit to be inoperative.

The load resistance connected to the variable heat circuit was not changed

throughout this test series.

The base heat was varied by changing the load resistance. The line loss was

measured at each fixed combination of load heaters possible as shown in figure

3. The linear regression shown by the dashed line in figure 3 resulted in the

correction of % loss = 0.07 57 + kW*0.092 to be used for data analysis.

Power levels in the 110 volt line were set primarily by variation in the

amount of accessory equipment (circulating fan, psychrometer, humidifier). The

line loss was measured at two power levels as shown in figure 4 and the

linear correction factor resulting was: % loss = W*0.0036.

11
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BASE HEAT POWER (kW)

Figure 3; Base Heat Circuit Line Loss
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Figure 4: 110 Volt Circuit Line Loss
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6 . Data and Results

The NBS calorimeter heat gain data for the five tests which were performed is

summarized in Table 4o The total calorimeter heat gain listed in Table 4 is

compared in Table 5 to the value measured by the KSU calorimeter calibration

device.

Table 4

Summarized Calorimeter Heat Gain Data

Test No. 1 2 3 4 5

Date 2/11/86 2/12/86 2/13/86 2/13/86 2/14/86

Calorimeter Wall Heat Gain 8.9 -1.1 -12.8 3.1 -8.4

(UAAT), W

Variable Heat;
Meter Reading, W 1286 .0 93,1 811.4 614,9 901.8

Calibration, W 10.3 0.7 6.5 4.9 7.2

Line Loss, W -18,9 -1.4 “11.9 -9.0 -13.3

Total, W 1277 .4 92.4 806.0 610.8 895.7

110 Volt Circuit:
Meter Reading, W 680.7 86 5.3 910.6 988.9 311.7

Calibration, W 0.5 0.5 0.5 0.6 0.2

Line Loss, W -16.8 -27,0 -29.9 “35.2 -3.6

Total, W 664,3 838.8 881.2 954.3 308.3

Base Heat:
Meter Reading, W 3990.0 1488.2 6877,6 5426 .

5

2987.4
Calibration, W 4.4 6.5 -18.6 -4.3 7,2
Line Loss, W -17,6 -3.1 -48.7 -30.9 -10.5
Total, W 3 976 .8 1491.6 6810.3 5391.3 2984.1

Total Calorimeter Heat
Gain, W 5927 .4 2421.7 8484.7 6959.5 4179.7

Table 5

Comparison of Calorimeter Heat Gain as Measured by NBS and KSU

Test Number 1 2 3 4 5

Date 2/11/86 2/12/86 2/13/86 2/13/86 2/14/86

NBS Heat Gain, W 5927 .4 2421 .7 8484.7 6959.5 4179.7
KSU Heat Gain, W 5811.7 2495.4 8480.8 6989.8 4187.9
Difference, % -2.0 +3.0 -0.05 +0 .4 +0.2

The information presented in Table 5 is shown graphically in figure 5. It can



The information presented in Table 5 is shown graphically in figure 5. It can

be seen that the per cent difference between the NBS and KSU measured heat

gain does not show a consistent bias (plus or minus) and is not a function of

the capacity level at which the tests were run. However, referring back to

Table 5, it does appear that the per cent difference is a function of when the

test was run. That is, tests performed on the first two days had a relatively

high disagreement and those performed on the last three days showed

exceptionally good agreement.

I

Humidity was maintained within the calorimeter during the first three tests.

This was not done during the last two tests because of concern that the

I

humidity might be responsible for the poor agreement that was being observed

I between NBS and KSU measured heat gain and because of the limited time

i

I

available for further testing. Condensate was not collected by KSU during the

tirst test performed. Calorimeter humidity conditions, NBS measured humidity

generation (moisture addition) rate, and KSU measured condensation collection

rate are sinnmarized in Table 6.

Table 6

Summarized Calorimeter Himiidity and Condensate Data

Test Number 1 2 3

Date 2/11/86 2/12/86 2/13/86

Average Dry Bulb, “F 80,7 81.6 82.1

Average Wet Bulb, “F 66.5 69.1 68.4
Average Dew Point, °F 58.8 62.9 61.4
Average Relative Humidity, % 47 .8 53.7 50.1

Humidity Generated by NBS, Ibs/hr 2.67 2.92 6.40
Condensate Collected by KSU, Ibs/hr — 2.42 6 .53

Difference, % — -17.1 +2.0
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Figure 5: Comparison of Calorimeter Heat Gain as Measured by NBS and KSU
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7 . Discussion and Conclusions

Of the five tests performed, the agreement was poor between the KSU and NBS

measurements of total calorimeter heat gain for the first two tests, 2% and

3%, respectively. A possible explanation for the disagreement on the first

test was an inoperative damper in the air handler (due to a software error)

which was corrected before performance of the second test.

For the final three tests, the agreement between the KSU and NBS measurements

of the total calorimeter heat load was well within the program objective (^0.5

per cent in measurement of total calorimeter load).

The agreement between the KSU and NBS measurements of the total calorimeter

heat load did not appear to be a function of load, humidity, or to have a

consistent bias. Because of the small number of tests performed and the

questionable validity of the first two tests, statistical analysis of the test

results would not be meaningful.

Two comparisons of latent capacity were made. One showed good agreement

(2.0%), the other unacceptable divergence (-17,1%). The test with good

agreement on latent capacity also showed good agreement on total capacity.

The test showing poor agreement on latent capacity was also one of the first

two tests which showed comparatively poor agreement on total capacity.

It would have been very desirable to have run several additional tests to

resolve the discrepancies observed in the first two tests. These tests would

have shown whether or not the discrepancies can be attributed to "start up"

difficulties or due to true differences between the systems.
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